Cannabinoid receptors contribute to learning and synaptic plasticity mechanisms. The cerebellum contains a high density of cannabinoid receptors and manipulations of cannabinoid receptors affect synaptic plasticity within the cerebellar cortex. In vivo studies have found that cannabinoid agonists impair learning of cerebellum-dependent eyeblink conditioning in rodents and humans. However, the role of cannabinoid receptors or endocannabinoids in memory consolidation within the cerebellum has not been examined. In the current study, we examined the role of cannabinoid receptors and endocannabinoids during learning and consolidation of eyeblink conditioning in rats. Administration of the cannabinoid receptor agonist WIN55,212-2 or drugs that increase/decrease endocannabinoid levels directly into the cerebellar cortex before each training session resulted in marked learning impairments. When administered 1 h after each training session, during memory consolidation, the cannabinoid inverse agonist SR141716A or the endocannabinoid suppressor THL impaired memory. In contrast, increasing endocannabinoid levels with JZL-184 or infusion of WIN55,212-2 within the cerebellar cortex facilitated memory consolidation 1 h post-training. Intracerebellar manipulations of cannabinoid receptors or endocannabinoid levels had no effect on memory consolidation when administered 3 or 6 h after each training session. The results demonstrate that cannabinoids impair cerebellar learning, but facilitate memory consolidation mechanisms within the cerebellar cortex 1-3 h after training.
Introduction
Cannabis sativa is the most widely used psychoactive drug in the United States with rates continuing to increase over the past decade (Substance Abuse, Results from the 2013 National Survey on Drug Use, NSDUH Series H-48, & MD: Substance Abuse, 2014). The major active ingredient in cannabis, D
9
-tetrahydrocannabinol, binds to G-protein coupled cannabinoid receptors CB1R and CB2R (Devane, Dysarz, Johnson, Melvin, & Howlett, 1988; Gaoni & Mechoulam, 1964) . CB1Rs are the most abundant G-protein coupled receptor in the mammalian brain with the highest density of receptors within the cerebellar cortex (Herkenham et al., 1990 (Herkenham et al., , 1991 . Two endogenous cannabinoids (endocannabinoids) have been discovered, 2-Arachidonoy lglycerol (2-AG) and Anandamide. Cannabinoid receptors have many diverse roles throughout the brain including synaptic plasticity during learning and memory. CB1Rs within the cerebellar cortex have been demonstrated to be important for the induction of long-term depression (LTD) in parallel fiber synapses with Purkinje cells in vitro (Lévénès, Daniel, Soubrié, & Crépel, 1998; Safo & Regehr, 2005; van Beugen, Nagaraja, & Hansel, 2006) . In addition, systemic or genetic CB1R manipulations, which impair CB1R function throughout the brain, result in decrements in the rate of eyeblink conditioning, a type of associative learning that depends on the cerebellar cortical plasticity (Edwards et al., 2008; Kishimoto & Kano, 2006; Skosnik et al., 2008; Steinmetz & Freeman, 2010 , 2011 , 2013 Steinmetz et al., 2012) . The hypothesis drawn from these studies is that the decrement in acquisition of eyeblink conditioning is the result of impaired synaptic plasticity mechanisms within Purkinje cells.
Less is known about the role of cerebellar cannabinoid receptors in memory consolidation. Studies examining the role of CB1Rs and endocannabinoids during consolidation have been conducted primarily in the hippocampus, amygdala, and prefrontal cortex (Tan et al., 2011; Wise, Thorpe, & Lichtman, 2009 ). Each of these areas plays an important role in memory consolidation for different tasks, but contains moderate levels of CB1Rs as compared to the cerebellar cortex. To date, there have been no studies examining the role of
